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DATA OUTPUT CIRCUIT FOR REDUCING SKEW OF DATA SIGNAL 

BACKGROUND OF THE INVENTION 

5 

This application claims the priority of Korean Patent Application No. 2002-43964, 
filed July 24, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

10 1. Field of the Invention 

'. The present invention relates to a data output circuit, and more particularly, to a 
data output circuit by which, if an output voltage level is different from an operating 
voltage level, the difference is detected, and consequently the skew of an output data 
signal is controlled. 

15 2. Description ,of the Related Art 

As semiconductor devices evolve, they continue to consume a large amount of 
power while, at the same time, continue to demand high-speed operation. Accordingly, 
methods for reducing power consumption have been proposed, including the commonly 
used approach of lowering the operating voltage level. 

20 Hence, in a single semiconductor device, circuits that interface with each other 

may use different voltage sources. In particular, a voltage source for operating the / 
internal circuit of a semiconductor device may be different from a voltage source for an 
output driver circuit that outputs a data signal. 

i f 

FIG. 1 is a circuit diagram of a conventional data output circuit that utilizes first 
25 and second operating voltage levels that are different. Referring to FIG. 1 ; a 

conventional data output circuit 100 includes a buffer logic unit 1 10, a pre-driver unit 
120, and a main driver unit 130. 

The buffer logic unit 110 buffers a data signal DATA and an inverted data signal 
/DATA for a predetermined period of time in response to a clock signal CLK to obtain 
30 first and second data signals DATA1 and DATA2. To perform this operation, the 
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buffer logic unit 110 includes transmission gates 111 and 113 and inverters 11, 12, 13, 14, 
and 15. 

The buffer logic unit 110 can further include an NMOS transistor MN2 and 
resistors R1 and R2 for controlling skew of the second data signal DATA2 in response 
5 to a comparison voltage signal VCOM. Generation of the comparison voltage signal 
VCOM is described below with reference to FIG. 2. 

Power for the buffer logic unit 1 1 0 is supplied according to the operating voltage 
level of the internal circuit (not shown) of the data output circuit 1 00. 

The pre-driver unit 120 converts the first and second data signals DATA1 and 
10 DATA2, which have an operating voltage level, into first and second driving signals 

DRV1 and DRV2, which have the output voltage level. The logic levels of the first and 
second data signals DATA1 and DATA2 are opposite to those of the first and second 
driving signals DRV1 and DRV2. 

To perform the above operation, the pre-driver unit 120 includes NMOS 

it . ■ - 

15 transistors MN0 and MN1 and PMOS transistors MP0 and MP1, which are coupled 
between a first power supply voltage VDDQ and a first ground voltage VSSQ, which 
both have the output voltage level. 

■ , ■ 

The main driver unit 130 outputs an output data signal DATAOUT in response to 
the first and second driving signals DRV1 and DRV2. To achieve this, the main driver 
20 unit 130 includes an NMOS transistor MN3 and a PMOS transistor MP3, which are 

coupled between a first power supply voltage VDDQ and a first ground voltage VSSQ, 

• ■ 

which both have the output voltage level. 

The power for the buffer logic unit 110 of the conventional data output circuit 100 
is supplied at a power supply voltage having the operating voltage level for operating 
25 the internal circuit (not shown) of the conventional data output circuit 1 00. Generally, 
the power supply voltage has a voltage level of 3:3V or 2.5V. 

Both the pre-driver unit 1 20 and the main driver unit 1 30 have a first power 
supply voltage VDDQ and a first ground voltage VSSQ, which both have an output 
voltage level. The output voltage level is normally the same as an operating voltage 

- j 

*■ 

30 level, but in recent trends the output voltage level is becoming lower than the operating 
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voltage level when considering the need for high-speed operation and low power 
consumption in the output process. 

In the conventional data output circuit 100, when the output voltage level used in 
the pre-driver unit 120 and the main driver unit 130 is different from the operating 
voltage level, the inclinations of the first and second driving signals DRV1 and DRV2 of 

♦ 

the pre-driver unit 120 are changed, and consequently the output data signal DATAOUT 
is skewed. 

In order to prevent skewing, the data output circuit 100 activates.the comparison 
voltage signal VCOM and shortens the time required to transfer the second driving 
signal DRV2 to a high level by using a turn-on resistor of the NMOS transistor MN2 
rather than the second resistor R2. 

The comparison voltage signal VCOM may be automatically generated by 

detecting a change in the level of the first power supply voltage VDDQ with an output 

* . ■ ■ ■ * 

voltage level, or may be set through a mode register setting (MRS) process upon 
power-up of the circuit, or may be pre-programmed in a fuse-cutting procedure, for 
example. 

FIG. 2 is a circuit diagram of a circuit for automatically generating the comparison 
voltage signal of FIG. 1 . Referring to FIG. 2, an appropriate reference potential for a 
second power supply voltage VDD with an operating voltage level is generated using 
the ratio of resistances RA and RB. The reference potential is compared with the first 
power supply voltage VDDQ having the output voltage level in comparator 210. 

If the level of the first power supply voltage VDDQ is equal to or less than a 
predetermined voltage level, a comparative voltage signal VCOM at an active, or high, 
level is generated at inverter 220. 

However, the conventional method of FIG. 2 of automatically sensing a change in 
the first power supply voltage VDDQ has a problem in that the reference potential itself 
may be changed since the resistors RA and RB are sensitive to process change and the 
voltage level of the second power supply voltage VDD may vary, for example, by 
±0.3V. 

The method of FIG. 1 of changing the turn-on resistance of the NMOS transistor 
MN2 by activating the comparison voltage signal VCOM also has some problems in that 
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the turn-on resistance of the NMOS transistor MN2 cannot be zero and can vary as a 

/ • 

result of variation in the voltage level of the comparison voltage signal VCOM that is 
made depending on the voltage level of the second power supply voltage VDD. 

In order to activate the output data signal DATAOUT of FIG. 1 , the first driving 
5 signal DRV1 must have a low level, or the second driving signal DRV2 must have a high 
level. / 

In order to achieve this, the level of the first data signal DATA 1 of FIG. 1 must be 
high so that a voltage Vgs between the gate and source of the NMOS transistor M NO is 
VDD-VSSQ. Alternatively, the level of the second data signal DATA2 of FIG. 1 must 
10 be low so that a voltage Vgs between the gate and source of the PMOS transistor MP1 
is VDDQ-VSS. 

However, if the voltage level of the first power supply voltage VDDQ changes, 
the voltage Vgs between the gate and source of the NMOS transistor MNO does not 
change, however, the voltage Vgs between the gate and source of the PMOS transistor 
15 MP1 changes according to the voltage level of the first power supply voltage VDDQ. 

Consequently, when the level of the first power supply voltage VDDQ is low, the 
voltage Vgs between the gate and source of the PMOS transistor MP1 is reduced. 
Thus, the slope of the second driving signal DRV2 becomes more gradual, and, as a 

result, the output data signal DATAOUT becomes additionally skewed. 

} • • ■ 

20 \ 

SUMMARY OF THE INVENTION 
Accordingly, the present invention provides a data output circuit by which, in the 
case where an output voltage level is different from an operating voltage level, a 
variation in the output voltage level is detected, and consequently the skew of the output 
25 data signal is controlled. 

According to a first aspect of the present invention, there is provided a data 
output circuit including first and second inversion units, first and second voltage 
compensation units, and a driver unit. The first inversion unit receives a first data 

signal of an operating voltage level and inverts the received first data signal to obtain a 

/ 

30 first inverted data signal. If a first power supply voltage of an output voltage level is 

different from a second power supply voltage of the operating voltage level by at least a 
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predetermined voltage level, the first voltage compensation unit compensates for the 
voltage level of the first inverted data signal to obtain a first driving signal. The second 
inversion unit receives a second data signal with the operating voltage level and inverts 
the received second data signal to obtain a second inverted data signal. If the levels of 
the first and second power supply voltages are different by at least a predetermined 
voltage level, the second voltage compensation unit compensates for the voltage level 
of the second inverted data signal to obtain a second driving signal. The driver unit 
receives the first and second driving signals and outputs an output data signal with a 

■ 

logic level that is opposite to the logic levels of the first and second driving signals. 

The first inversion unit forms an inverter by a first PMOS transistor and a first 
NMOS transistor being serially connected between the first power supply voltage and a 
first ground voltage of the output voltage level. The first data signal is applied to the 
gate of the first PMOS transistor and the gate of the first NMOS transistor. 

The second inversion unit forms an inverter by a second PMOS transistor and a 
second NMOS transistor being serially connected between the first power supply 
voltage and the first ground voltage. The second data signal is applied to the gate of 
the second PMOS transistor and the gate of the second NMOS transistor. 

The first voltage compensation unit includes first and second compensation 
PMOS transistors. The first compensation PMOS transistor has a source connected to 
the second power supply voltage and a gate subjected to the first power supply voltage. 
The second compensation PMOS transistor has a source connected to the drain of the 
first compensation PMOS transistor, a gate subjected to the first data signal, and a drain 
connected to a connection node between the first PMOS transistor and the first NMOS 
transistor. 

<. 

The first voltage compensation unit compensates for the voltage level of the first 
inverted data signal if the first and second power supply voltages are different by at 
least a threshold voltage level of the first compensation PMOS transistor. 

The second voltage compensation unit includes third and fourth compensation 
PMOS transistors. The third compensation PMOS transistor has a source connected 
to the second power supply voltage and a gate subjected to the first power supply 
voltage. The fourth compensation PMOS transistor has a source connected to the 

' 5 
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drain of the third compensation PMOS transistor, a gate subjected to the second data 
signal, and a drain connected to a connection node between the second PMOS 
transistor and the second NMOS transistor. 

■ 

The second voltage compensation unit compensates for the voltage level of the 
5 second inverted data signal if the first and second power supply voltages are different 
by at least a threshold voltage level of the third compensation PMOS transistor. 
The first and second data signals preferably have the same level. 
The first voltage compensation unit includes first and second compensation 
PMOS transistors, first through N-th load PMOS transistors, and a first load NMOS 
10 transistor. The first compensation PMOS transistor has a source connected to the 

j . > 

i - 

second power supply voltage and a gate subjected to a first drop voltage. The second 
compensation PMOS transistor has a source connected to the drain of the first 
compensation PMOS transistor, a gate subjected to the first data signal, and a drain is 
connected to a connection node between the first PMOS transistor and the first NMOS 

15 transistor. The first through N-th load PMOS transistors are serially connected to the 
first power supply voltage. The first load NMOS transistor is connected between the 
N-th load PMOS transistor and a second ground voltage, and has a drain which 
generates the first drop voltage and a gate and a source which are connected to each 
other. ..-.•/ 

20 The voltage compensation unit compensates for the voltage level of the first 

inverted data signal if the second power supply voltage and the first drop voltage are 
different by at ieast the threshold voltage level of the first compensation PMOS 
. transistor. The level of the first drop voltage is determined according to the number of 
first through N-th load PMOS transistors. 

25 The second voltage compensation unit includes third and fourth compensation^ 

PMOS transistors, (N+1)th through M-th load PMOS transistors, and a second load 
NMOS transistor. The third compensation PMOS transistor has a source connected to 
the second power supply voltage and a gate subjected to a second drop voltage. The 
fourth compensation PMOS transistor has a source connected to the drain of the third 

30 compensation PMOS transistor, a gate subjected to the second data signal, and a drain 
connected to a connection node between the second PMOS transistor and the second 

6 
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NMOS transistor. The (N+1)th through M-th load PMOS transistors are serially 
connected to the first power supply voltage. The second load NMOS transistor is 
connected between the M-th load PMOS transistor and a second ground voltage, and 
has a drain which generates the second drop voltage and a gate and a source which 
are connected to each other. 

The second voltage compensation unit compensates for the voltage level of the 
second inverted data signal if the second power supply voltage and the second drop 
voltage are different by at least the threshold voltage level of the third compensation 
PMOS transistor. The level of the second drop voltage is determined according to the 

* ' - 

number of (N+1 )th through M-th load PMOS transistors. 

According to a second aspect of the present invention, there is provided a data 
output circuit including first and second inversion units, first and second voltage 
compensation units, and a driver unit. If an output voltage level of a first power supply 
voltage is equal to an operating voltage level of a second power supply voltage, the first 
inversion unit receives a first data signal of an operating voltage level and inverts the 
received first data signal to obtain a first inverted data signal. If the levels of the first 
and second power supply voltages are different by at least a voltage level, the first 
voltage compensation unit compensates for the voltage level of the first inverted data 
signal to obtain a first driving signal. If the levels of the first and second power supply 
voltages are the same, a second inversion unit receives a second data signal with an 
operating voltage level and inverts the received second data signal to obtain a second 
inverted data signal. If the levels of the first and second power supply voltages are 
different by at least a predetermined voltage level, a second voltage compensation unit 
compensates for the voltage level of the second inverted data signal to obtain a second 
driving signal. The driver unit receives the first and second driving signals and outputs 
an output data signal with a logic level that is opposite to the logic levels of the first and 
second driving signals. 

The first inversion unit includes first and second inversion PMOS transistors, a 
first inversion NMOS transistor, and a first control voltage generation unit. The first 
inversion PMOS transistor has a source connected to the first power supply voltage and 
a gate subjected to a first control voltage. The second inversion PMOS transistor has 
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a source connected to the drain of the first inversion PMOS transistor, a gate subjected 

to the first data signal, and a drain which generates the first inverted data signal. The 

j ... 
first inversion NMOS transistor has a drain connected to the drain of the second 

inversion PMOS transistor, a gate subjected to the first data signal, and a source 

5 connected to a first ground voltage. If the levels of the first and second power supply 

voltages are the same, the first control voltage generation unit generates the first control 

voltage to have a first logic level. If the level of the first power supply voltage is less 

than that of the second power supply voltage by a predetermined voltage level, the first 

control voltage generation unit generates the first control voltage to have a second logic 

to level. 

The first control voltage generation unit includes a first control PMOS transistor, 
first through N-th load PMOS transistors, and a first control NMOS transistor. The first 
control PMOS transistor has a source connected to the second power supply voltage 
and a gate subjected to the first power supply voltage. The first through N-th load 
15 PMOS transistors are serially connected to the first control PMOS transistor. The first 
control NMOS transistor is connected between the N-th load PMOS transistor and a 
second ground voltage, and has a drain which generates the first control voltage and a 
gate and a source which are connected to each other. 

The first voltage compensation unit includes first and second compensation 
20 PMOS transistors. The first compensation PMOS transistor has a source connected to 
' K the second power supply voltage and a gate subjected to the first power supply voltage. 
The second compensation PMOS transistor has a source connected to the drain of the 
first compensation PMOS transistor, a gate subjected to the first data signal, and a drain 
connected to a connection node between the second inversion PMOS transistor and the 
25 first inversion NMOS transistor. 

The first voltage compensation unit compensates for the voltage level of the first 

* 

inverted data signal if the first and second power supply voltages are different by at 
least a threshold voltage level of the first compensation PMOS transistor. 

The second inversion unit includes third and third inversion PMOS transistors, a 
30 second inversion NMOS transistor, and a second control voltage generation unit. The 
. third inversion PMOS transistor has a source connected to the first power supply 

! 
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voltage and a gate subjected to a second control voltage. The fourth inversion PMOS 
transistor has a source connected to the drain of the third inversion PMOS transistor, a 
gate subjected to the second data signal, and a drain which generates the second 
inverted data signal. The second inversion NMOS transistor has a drain connected to 
5 the drain of the fourth inversion PMOS transistor, a gate subjected to the second data 
signal, and a source connected to a first ground voltage. If the levels of the first and 
second power supply voltages are the same, the second control voltage generation unit 
generates the second control voltage to have a first logic level. If the level of the first 
power supply voltage is less than that of the second power supply voltage by a 

10 predetermined voltage level, the second control voltage generation unit generates the 
second control voltage to have a second logic level. 

The second control voltage generation unit includes a second control PMOS 
transistor, (N+1)th through M load PMOS transistors, and a second control NMOS 
transistor. The second control PMOS transistor has a source connected to the second 

15 power supply voltage and a gate subjected to the first power supply voltage. The 

(N+1 )th through M load PMOS transistors are serially connected to the second control 
PMOS transistor. The second control NMOS transistor is connected between the M-th 
load PMOS transistor and a second ground voltage, and has a drain which generates 
the second control voltage and a gate and a source which are connected to each other. 

20 The second voltage compensation unit includes third and fourth compensation 

PMOS transistors. The third compensation PMOS transistor has a source connected 
to the second power supply voltage and a gate subjected to the first power supply 
voltage. The fourth compensation PMOS transistor has a source connected to the 
drain of the third compensation PMOS transistor, a gate subjected to the second data 

25 signal, and a drain connected to a connection node between the fourth inversion PMOS 
transistor and the second inversion NMOS transistor. 

The second voltage compensation unit compensates for the voltage level of the 
second inverted data signal if the first and second power supply voltages are different 
by at least a threshold voltage level of the third compensation PMOS transistor. 

30 The first and second data signals preferably have the same level. \ 

9 
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According to a third aspect of the present invention, there is provided a data 
output circuit including first and second inversion units, first and second voltage 
compensation units, first and second control units, and a driver unit. If an output 
voltage level of a first power supply voltage is equal to an operating voltage level of a 
5 second power supply voltage, the first inversion unit receives a first data signal of an 
operating voltage level and inverts the received first data signal to obtain a first inverted 
data signal. If the levels of the first and second power supply voltages are different by 
at least a predetermined voltage level, the first voltage compensation unit compensates 
for the voltage level of the first inverted data signal to obtain a first driving signal. If the 

10 levels of the first and second power supply voltages are the same, the first control unit 
generates a first control signal for controlling the operation of the first voltage 
compensation unit. If the levels of the first and second power supply voltages are 
different by at least a predetermined voltage level, the first control unit generates a 
second control signal for controlling the operation of the first inversion unit If the levels 

15 of the first and second power supply voltages are the same, the second inversion unit 

receives a second data signal with an operating voltage level and inverts the received ; 
second data signal to obtain a second inverted data signal. If the levels of the first and 
second power supply voltages are different by at least a predetermined voltage level, 
the second voltage compensation unit compensates for the voltage level of the second 

20 inverted data signal to obtain a second driving signal. If the levels of the first and 

second power supply voltages are the same, the second control unit generates a third 
control signal for controlling the operation of the second voltage compensation unit. If 
the levels of the first and second power supply voltages are different by at least a 
predetermined voltage level, the second control unit generates a fourth control signal for 

25 controlling the operation of the second inversion unit. The driver unit receives the first 
and second driving signals and outputs an output data signal with a logic level that is 
opposite to the logic levels of the first and second driving signals. 

The first inversion unit includes first and second inversion PMOS transistors and 
a first inversion NMOS transistor. The first inversion PMOS transistor has a source 

30 connected to the first power supply voltage and a gate subjected to the second control 
signal. The second inversion PMOS transistor has a source connected to the drain of 
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the first inversion PMOS transistor, a gate is subjected to the first data signal, and a 
drain which generates the first inverted data signal. The first inversion NMOS 
transistor has a drain connected to the drain of the second inversion PMOS transistor, a 
gate subjected to the first data signal, and a source connected to a first ground voltage. 

■ ■ ■ x_ 

The first control unit includes a first control PMOS transistor, a first control NMOS 

k 

transistor, and first and second inverters. The first control PMOS transistor has a 
source connected to the second power supply voltage and a gate subjected to the first 
power supply voltage. The first control NMOS transistor has a drain connected to the 
drain of the first control PMOS transistor and a gate and a source which are connected 
to a second ground voltage. The first inverter is connected to a connection node 
between the first control PMOS transistor and the first control NMOS transistor, and 
generates the first control signal. The second inverter is connected to the first inverter 
and generates the second control signal. 

The first voltage compensation unit includes first and second compensation 

t > 

PMOS transistors. The first compensation PMOS transistor has a source connected to 

i * * 

the second power supply voltage and a gate subjected to the first control signal. The 
second compensation PMOS transistor has a source connected to the drain of the first 
compensation PMOS transistor, a gate subjected to the first data signal, and a drain 
connected to a connection node between the second inversion PMOS transistor-and the 
first inversion NMOS transistor. 

The second inversion unit includes third and fourth inversion PMOS transistors 
and a second inversion NMOS transistor. The third inversion PMOS transistor has a 
source connected to the first power supply voltage and a gate subjected to a fourth 
control signal. The fourth inversion PMOS transistor has a source connected to the 
drain of the third inversion PMOS transistor, a gate subjected to the second data signal, 
and a drain which generates the second inverted data signal. The second inversion 
NMOS transistor has a drain connected to the drain of the fourth inversion PMOS 
transistor, a gate subjected to the second data signal, and a source connected to a first 
ground voltage. . 

The second control unit includes a second control PMOS transistor, a second 
control NMOS transistor, and third and fourth inverters. The second control PMOS 

# 

11 



Attorney Docket No.: SAM-0424 

transistor has a source connected to the second power supply voltage and a gate 
subjected to the first power supply voltage. The second control NMOS transistor has a 
drain connected to the drain of the second control PMOS transistor and a gate and a 
source which are connected to a. second ground voltage. The third inverter is 
connected to a connection node between the second control PMOS transistor and the 
second control NMOS transistor, and generates the third control signal. The fourth 
inverter is connected to the third inverter and generates the fourth control signal. 

The second voltage compensation unit includes third and fourth compensation 
PMOS transistors. The third compensation PMOS transistor has a source connected 
to the second power supply voltage and a gate subjected to the third control signal. 
The fourth compensation PMOS transistor has a source connected to the drain of the 
first compensation PMOS transistor, a gate subjected to the second data signal, and a 
drain connected to a connection node between the fourth inversion PMOS transistor 

L I ( 

and the second inversion NMOS transistor. 

The first and second data signals preferably have the same level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present invention will become more 
apparent by describing in detail exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 is a circuit diagram of a conventional data output circuit in which an 
operating voltage level and an output voltage level are different; 

FIG. 2 is a circuit diagram of a circuit for automatically generating the comparison 
voltage signal of FIG. 1; 

FIG. 3 is a circuit diagram of a -data output circuit according to a first embodiment 
of the present invention; 

FIGS. 4A and 4B are circuit diagrams showing different circuit configurations of 
the voltage compensation units of FIG. 3; 

FIG. 5 is a circuit diagram of a data output circuit according to a second 
embodiment of the present invention; 
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FIGS. 6A and 6B are circuit diagrams of the first and second control voltage 
generation units of FIG. 5; 

FIG. 7 is a circuit diagram of a data output circuit according to a third 
embodiment of the present invention; and 

FIGS. 8A and 8B are circuit diagrams of the first and second control units of F|G. 
7. .7 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention will now be described more fully with reference to the 

accompanying drawings, in which preferred embodiments of the invention are shown. 

The embodiments of the present invention are provided in order to more completely 

explain the present invention to anyone skilled in the art. In the drawings, the same 

reference numerals denote the same member. 

Referring to FIG. 3, a data output circuit 300 according to a first embodiment of 

the present invention includes a first inversion unit 330, a first voltage compensation unit 

340, a second inversion unit 350, a second voltage compensation unit 360, and a driver 

unit 380. 

* 

In FIG. 3, a buffer logic unit 310 for storing and outputting data in response to a 
clock signal CLK is further shown to facilitate understanding of the operation of the data 
output circuit 300. The buffer logic unit 310 includes transmission gates 31 1 and 31 3 
for outputting data DATA and inverted data /DATA in response to the clock.signal CLK. 

The data signal DATA passes inverters 11 and 12 and is output as a first data 
signal DATA1. The inverted data signal /DATA passes inverters 13, 14, and 15 and is 
output as a second data signal DATA2. The first and second data signals DATA1 and 
DATA2 have the same logic level. 

Both the data DATA and the inverted data /DATA have an operating voltage level 
for operating the internal circuit (not shown) of the data output circuit 300. Accordingly, 
the first and second data signals DATA1 and DATA2 have the same logic level. 

The first inversion unit 330 receives the first data signal DATA1 having an 
operating voltage level, inverts the received first data signal DATA1, and generates a 
first inverted data signal /DATA1 , 

13 
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In the first inversion unit 330, a first PMOS transistor MP1 and a first NMOS 
transistor MN1 that are serially connected to each other are coupled between a first 
power supply voltage VDDQ and a first ground voltage VSSQ, which have an output 
voltage level, thereby forming an inverter. 
5 The first data signal DATA1 is applied to the gate of the first PMOS transistor 

MP1 and that of the first NMOS transistor MN1 . 

Since the output data signal DATAOUT has a high frequency, the output voltage 
level is set to be lower than the operating voltage level in order to reduce power 
consumption. 

10 Since the first inversion unit 330 operates between the first power supply voltage 

VDDQ and the first ground voltage VSSQ, which both have the output voltage level, the 

first inverted data signal /DATA1 has the output voltage level. 

If the level of the first data signal DA+A1 is high, the first NMOS transistor MN1 is 

turned on, and thus a first inverted data signal /DATA 1 with a low level will be generated 
15 If the level of the first data signal DATA1 is low, the first PMOS transistor MP1 is turned 

on, and thus a first inverted data signal /DATA1 with a high level will be generated. 
The second inversion unit 350 receives the second data signal DATA2 having 

the operating voltage level, inverts the received second data signal DATA2, and- 

generates a second inverted data signal /DATA2. 
20 In the second inversion unit 350, a second PMOS transistor MP2 and a second 

NMOS transistor MN2 that are serially connected to each other are coupled between a 

first power supply voltage VDDQ and a first ground voltage VSSQ, thereby forming an 

inverter. 

The second data signal DATA2 is applied to the gate of the second PMOS 
25 transistor MP2 and that of the second NMOS transistor MN2. 

Since the second inversion unit 350 has the same structure as the first inversion 
unit 330, the operation of the second inversion unit 350 will not be described in detail. 

The first and second inverted data signals /DATA1 and /DAT A2 have an output 
voltage level that is lower than the operating voltage level! Hence, the slopes of the 
30 first and second inverted data signals /DATA 1 and /DAT A2 may become smaller. 

- 
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Accordingly, if the first and second inverted data signals /DATA1 and /DATA2 are 
applied to the driver unit 380, the output data signal DATAOUT may have a skewing 
error. To mitigate or remove this error, the first and second voltage compensation 
units 340 and 360 for compensating for the voltage levels of the first and second 
5 , inverted data signals /DATA! and /DATA2, respectively, are used. 

If the first power supply voltage VDDQ with an output voltage level is different 
from the second power supply voltage VDD with an operating voltage level by at least a 
predetermined voltage level, the first voltage compensation unit 340 compensates for 
the voltage level of the first inverted data signal /DATA1 to generate a first driving signal 
10 DRV1. 

i 

To be more specific, the first voltage compensation unit 340 includes first and 
second compensation PMOS transistors MPC1 and MPC2. 

The source of the first compensation PMOS transistor MPC1 is connected to the 
second power supply voltage VDD. The first power supply voltage VDDQ is applied to 
15 the gate of the first compensation PMOS transistor MPC1 . The source of the second 
compensation PMOS transistor MPC2 is connected to the drain of the first : 
compensation PMOS transistor MPC1. The first data signal DATA lis applied to the 
gate of the second compensation PMOS transistor MPC2. The source of the second 
compensation PMOS transistor MPC2 is connected to a connection node between the 
20 first PMOS transistor MP1 and the first NMOS transistor MN1. 

If the first and second power supply voltages VDDQ and VDD are different by at 
least a threshold voltage level of the first compensation PMOS transistor MPC1 , the first 
voltage compensation unit 340 compensates for the voltage level of the first inverted 

* 

data signal /DATA1 . 

25 In other words, if the voltage level of the first power supply voltage VDDQ is less 

than a value obtained by subtracting the threshold voltage of the first compensation 
PMOS transistor MPC1 from the voltage level of the second power supply voltage VDD, 
the first compensation PMOS transistor MPC1 is turned on. If the level of the first data 
signal DATA1 is low, the second compensation PMOS transistor MPC2 is also turned 

30 oh. 

15 
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Accordingly, voltage compensation is performed so that the first inverted data 
signal /DATA with an output voltage level has an operating voltage level. That is, the 
voltage level of the first inverted data signal /DATA1 is increased by the second power 
supply voltage VDD. The first driving signal DRV1 is the first inverted data signal 
/DATA1 whose voltage level has been increased to an operating voltage level. 

If the first and second power supply voltage VDDQ and VDD are different by at 
least a predetermined voltage level, the second voltage compensation unit 360 
compensates for the voltage level of the second inverted data signal /DATA2 to 
generate a second driving signal DRV2. 

To be more specific, the second voltage compensation unit 360 includes third 
and fourth compensation PMOS transistors MPC3 and MPC4. 

The source of the third compensation PMOS transistor MPC3 is connected to the 
second power supply voltage VDD. The first power supply voltage VDDQ is applied to 
the gate of the third compensation PMOS transistor MPC3. The source of the fourth 

r * 

compensation PMOS transistor MPC4 is connected to the drain of the third 

t • - ' 

compensation PMOS transistor MPC3. The second data signal DATA2 is applied to 
the gate of the fourth compensation PMOS transistor MPC4. The source of the fourth 
compensation PMOS transistor MPC4 is connected to a connection node between the 
second PMOS transistor MP2 and the second NMOS transistor MN2. 

If the first and second power supply voltages VDDQ and VDD are different by at 
least a threshold voltage level of the third compensation PMOS transistor MPC3, the 
second voltage compensation unit 360 compensates for the voltage level of the second 
inverted data signal /DATA2. 

The operation of the second voltage compensation unit 360 is the same as that 
of the first voltage compensation unit 340. The voltage level of the second data signal 
DATA2 is equal to that of the first data signal DATA1 . If the logic level of the second 
data signal DATA2 is a low level, the logic level of the second driving signal DRV2 is a 
high level. 

In other words, both the first and second driving signals DRV1 and DRV2 have 
the high operating voltage level. If so, an NMOS transistor MNDRV of the driver unit 
380 is turned on, and a PMOS transistor MPDRV of the driver unit 380 is turned off. 

« 

( ■ ■ . ■ 
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Accordingly, an output data signal DATAOUT with a low logic level is generated. Since 
the first and second driving signals DRV1 and DRV2 have the operating voltage level, 
any skew error generated in the output data signal DATAOUT will be reduced. 

The operations of the first and second voltage compensation units 340 and 360 

will now be described in greater detail. 

i . . . . 

The first and second voltage compensation ur^its 340 and 360 include the first 
and third compensation PMOS transistors MPC1 and MPC3, respectively, which 
receive the second power supply voltage VDD with an operating voltage level via their 
respective sources and receive the first power supply voltage VDDQ with an output 
voltage level via their respective gates. 

In the first voltage compensation unit 340, if the difference between the first and 
second power supply voltages VDDQ and VDD is less than the threshold voltage of the 
first compensation PMOS transistor MPC1 , the first compensation PMOS transistor 
MPC1 is turned off. In the second voltage compensation unit 360, if the difference 
between the first and second power supply voltages VDDQ and VDD is less than the 
threshold voltage of the third compensation PMOS transistor MPC3, the third 
compensation PMOS transistor MPC3 is turned off. 

The data output circuit 300 of FIG. 3 performs the same operation as the 
conventional data output circuit 100 in response to the first and second driving signals 
DRV1 , DRV2. 

In the first voltage compensation unit 340, if the difference between the first and 
-second power supply voltages VDDQ and VDD is equal to or greater than the threshold 
voltage of the first compensation PMOS transistor MPC1 , the first compensation PMOS 
transistor MPC1 is turned on. In the second voltage compensation unit 360, if the 
difference between the first and second power supply voltages VDDQ and VDD is equal 
to or greater than the threshold voltage of the third compensation PMOS transistor 
, MPC3, the third compensation PMOS transistor MPC3 is turned on. 

If the first and second data signals DATA1 and DATA2 are each activated to a 
low level, the first PMOS transistor MP1 of the first inversion unit 330 and the second 
PMOS transistor MP2 of the second inversion unit 350 are turned on, and 



17 



Attorney Docket No.: SAM-Q424 

simultaneously the second PMOS transistor MP2 of the first inversion unit 330 and the 
fourth PMOS transistor MP4 of the second inversion unit 350 are turned on. 

If so, the voltage levels of the first and second driving signals DRV1 and DRV2, 
having high logic levels are compensated. In other words, the voltage levels of the first 
5 and second driving signals DRV1 and DRV2 are each increased to an operating voltage 
level. 

If the first data signal DATA1 has a low level, the voltage level of the first driving 
signal DRV1 with a high logic level is determined by the threshold voltage of the first 
PMOS transistor MP1 , which is a voltage obtained by subtracting the voltage level VSS 
10 of the first data signal DATA1 from the voltage level of the first power supply voltage 
VDDQ 

As the voltage level of the first power supply voltage VDDQ decreases, the 

* . * » * 

threshold voltage of the first PMOS transistor MP1 decreases, which slows the 
activation of the first driving signal DRV1 to a high level. 
15 However, as the voltage level of the first power supply voltage VDDQ decreases, 

i 

the difference between the potentials of the first and second power supply voltages 
VDDQ and VDD increases. Hence, the degree to which the first compensation PMOS 
transistor MPC1 is turned on also increases, and the activation of the first driving signal 
DRV1 to a high level is thus performed more rapidly. 
20 As a result, the skewed waveform of the output data signal DATAOUT can be 

maintained regardless of the change in the voltage level of the first power supply 
voltage VDDQ. 

As described above, if the second data signal DATA2 has a low level, the voltage 
level of the second driving signal DRV2 with a high logic level is determined by the 
25 threshold voltage of the second PMOS transistor MP2, which is a voltage obtained by 
subtracting the voltage level VSS of the second data signal DATA2 from the voltage 

* « - * 

level of the first power supply voltage VDDQ. 

As the voltage level of the first power supply voltage VDDQ decreases, the 
threshold voltage of the second PMOS transistor MP2 decreases, which slows the rise 
30 time of the second driving signal DRV2 to a high level. 
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However, as the voltage level of the first power supply voltage VDDQ decreases, 
the difference between the potentials of the first and second power supply voltages 
VDDQ and VDD increases. Hence, the degree to which the third compensation PMOS 
transistor MPC3 is turned on also increases, and the activation of the second driving 
signal DRV2 to a high level is thereby increased. 

As a result, the skewed waveform of the output data signal DATAOUT can be 
maintained, regardless of a change in the voltage level of the first power supply voltage 
VDDQ. 

FIGS. 4A and 4B are circuit diagrams showing alternative circuit configurations of 
the voltage compensation units 340, 360 of FIG. 3. The first voltage compensation unit 
340 includes first and second compensation PMOS transistors MPC11 and MPC21, fir^t 
through N-th load PMOS transistors MPR1 through MPRN, and a first load NMOS 
transistor MNR1. 

To be more specific, the source of the first compensation PMOS transistor 
MPC1 1 is connected to the second power supply voltage VDD, and a first drop voltage 
VDROP1 is applied to the gate of the first compensation PMOS transistor MPC1 1 . 
The source of the second compensation PMOS transistor MPC21 is connected to the 
drain of the first compensation PMOS transistor MPC1 1 , and the first data signal 
DATA1 is applied to the gate of the second compensation PMOS transistor MPC21 . 
The drain of the second compensation PMOS transistor MPC21 is connected to a 
connection node between the first PMOS transistor MP1 and the first NMOS transistor. 
MN1. 

The first through N-th load PMOS transistors MPR1 through MPRN are serially 
connected to the first power supply voltage VDDQ. The first load NMOS transistor 
MNR1 is coupled between the N-th load PMOS transistor MPRN and the second 
ground voltage VSS. The drain of the first load NMOS transistor MNR1 generates the 

first drop voltage VDROP1 , and the source and gate thereof are connected to each 

i' 

other. 

If the difference between the second power supply voltage VDD and the first drop 
voltage VDROP1 is equal to or greater than the threshold voltage level of the first 
compensation PMOS transistor MPC1 1 , the first voltage compensation unit 340 
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compensates for the voltage level of the first inverted data signal /DATA1 . The first 
drop voltage VDROP1 is determined according to the number of first through M-th load 
PMOS transistors MPR1 through MPRN. 

r v. 

The second voltage compensation unit 360 includes third and fourth 
compensation PMOS transistors MPC31 and MPC41, (N+1)th through M-th load PMOS 
transistors MPRN+1 through MPRM, and a second load NOMS transistor MNR2. 

To be more specific, the source of the third compensation PMOS transistor 
MPC31 is connected to the second power supply voltage VDD, and a second drop 
voltage VDROP2 is applied to the gate of the second compensation PMOS transistor . 
MPC31 . The source of the fourth compensation PMOS transistor MPC41 is connected 
to the drain of the third compensation PMOS transistor MPC31, and the second data 
signal DATA2 is applied to the gate of the fourth compensation PMOS transistor MPC41 
The drain of the fourth compensation PMOS transistor MPC41 is connected to a 
connection node between the second PMOS transistor MP2 and the second NMOS 
transistor MN2. 

The (N+1)th through M-th load PMOS transistors MPRN+1 through MPRM are 
serially connected to the first power supply voltage VDDQ. The second load NMOS 
transistor MNR2 is coupled between the M-th load PMOS transistor MPRM and the 
second ground voltage VSS. The drain of the second load NMOS transistor MNR2 
generates the second drop voltage VDROP2, and the source and gate thereof are 
connected to each other. 

If the difference between the second power supply voltage VDD and the second 
drop voltage VDROP2 is equal to or greater than the threshold voltage level of the third 
compensation PMOS transistor MPC31 , the second voltage compensation unit 360 
compensates for the voltage level of the second inverted data signal /DATA2. The 
second drop voltage VDROP2 is determined according to the number of (N+l)th 
through M-th load PMOS transistors MPRN+1 through MPRM. 

The first and second voltage compensation units 340 and 360 of the data output 
circuit 300 of FIG. 3 compensate for the voltage levels of the first and second inverted 
data signals /DATA1 and /DATA2, respectively, if the first power supply voltage VDDQ 
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is smaller than the second power supply voltage VDD by at least the threshold voltage 

levels of the first and third compensation PMOS transistors M PC 1 and MPC3. 

> ... 

However, the first and second voltage compensation units 340 and 360 of FIG. 4 

* * r 

W r 

can compensate for the voltage levels of the first and second inverted data signals 
5 /DATA1 and /DATA2, respectively, even when the first power supply voltage VDDQ is 
smaller than the second power supply voltage VDD by a level no more than the 

* - * 

threshold voltage levels of the first and third compensation PMOS transistors MPC11 
and MPC31. 

> ■ • . 

In other words, if the first and second voltage compensation units 340 and 350 of 

10 FIG. 4 are used, a change in the first power supply voltage VDDQ is more precisely 

detected, thus any skewing error in the output data signal DATAOUT can be more 

accurately controlled. ' 

To achieve this operation, the first drop voltage VDROP1 instead of the first 
'•/.-.. . . • . 

power supply voltage VDDQ is applied to the gate of the first compensation PMOS 

15 transistor MPC11. 

The first drop voltage VDROPi has a voltage level that is obtained by subtracting 
the sum of the threshold voltage levels of the first through N-th load PMOS transistors 
MPR1 through MPRN from the voltage level of the first power supply voltage VDDQ. 
That is, the voltage level of the first drop voltage VDROP1 is determined according to 

20 the number of first through N-th load PMOS transistors MPR1 through MPRN. 

Even when the difference between the first and second power supply voltages 
VDDQ and VDD is less than the threshold voltage level of the first compensation PMOS 
transistors MPC1 1 , the first compensation PMOS transistor MPC1 1 can be turned on if 
the voltage level of the first drop voltage VDROP1 is controlled by adjusting the number 

25 of first through N-th load PMOS transistors MPR1 through MPRN. In this way, the 
voltage level of the first inverted data signal /DATA1 can be compensated. 

The operation of the second voltage compensation unit 360 is the same as that 

-<* 

of the first voltage compensation unit 340. In other words, the second drop voltage 
VDROP2 instead of the first power supply voltage VDDQ is applied to the gate of the 
30 third compensation PMOS transistor MPC31. 

21 
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The second drop voltage VDROP2 has a voltage level that is obtained by 
subtracting the sum of the threshold voltage levels of the (N+1 )th through M-th load 
PMOS transistors MPRMN+1 through MPRM from the voltage level of the first power 1 a 
supply voltage VDDQ. That is, the voltage level of the second drop voltage VDROP2 
5 is determined according to the number of (N+1 )th through M-th load PMOS transistors 
MPRN+1 through MPRM. , 

Even when the difference between the first power supply voltage VDDQ and the 

•v 

second power supply voltage VDD is less than the threshold voltage level of the third 

compensation PMOS transistors MPC31, the third compensation PMOS transistor 
10 MPC31 can be turned on if the voltage level of the second drop voltage VDROP2 is 

controlled by adjusting the number of (N+1 )th through M-th load PMOS transistors 

MPRN+1 through MPRM. In this way, the voltage level of the second inverted data 

signal /DATA2 can be compensated. 

FIG. 5 is a circuit diagram of a data output circuit according to a second 
15 embodiment of the present invention. FIGS. 6A and 6B are circuit diagrams of the first 

and second control voltage generation units of FIG. 5. 

Referring to FIGS. 5, 6A, and 6B, a data output circuit 500 according to a second 

embodiment of the present invention includes a first inversion unit 530, a first voltage 

compensation unit 540, a second inversion unit 550, a second voltage compensation 
20 unit 560, and a driver unit 570. 

If the output voltage level of the first power supply voltage VDDQ is equal to the . 

operating voltage level of the second power supply voltage VDD, the first inversion unit 

530 receives a first data signal DATA1 with an operating voltage level and inverts the 

received signal to generate a first inverted data signal /DATA1 . 
25 To be more specific, the first inversion unit 530 includes first and second PMOS 

transistors MPA1 and MPA2, a first inversion NMOS transistor MNA1 , and a first control ? . 

voltage generation unit 545. 

The source of the first inversion PMOS transistor MPA1 is connected to the first 

power supply voltage VDDQ, and a first control voltage CON1 is applied to the gate of 
30 the first inversion PMOS transistor MPA1 . The source of the second inversion PMOS 

transistor MPA2 is connected to the/Jrain of the first inversion PMOS transistor MPA1 , 
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and a first data signal DATA1 is applied to the gate of the second inversion PMOS 
transistor MPA2. The drain of the second inversion PMOS transistor MPA2 generates 
a first inverted data signal /DATA1 . 

The drain of the first inversion NMOS transistor MNA1 is connected to the drain 
of the second inversion PMOS transistor MPA2, and the first data signal DATA1 is 
applied to the gate of the first inversion NMOS transistor MNA1 . The source of the first 
inversion NMOS transistor MNA1 is connected to a. first ground voltage VSSQ. 

If the levels of the first and second power supply voltages VDDQ and VDD are 
the same, the first control voltage generation unit 545 generates a first control voltage 
CON1 with a first logic level. If the level of the second power supply voltage VDD is a 
predetermined level smaller than that of the first power supply voltage VDDQ, the first 

control voltage generation unit 545 generates a first control voltage CON1 with a 

• ( .... 

second logic level. 

The first control voltage generation unit 545 includes a first control PMOS 
transistor MPCON1 , first through N-th load PMOS transistors MPR1 through MPRN, 
and a first control NMOS transistor MNCP.N1 ■ ^ 

The source of the first control PMOS transistor MPCON1 is connected to a 
second power supply voltage VDD, and a first power supply voltage VDDQ is applied to 
the gate of the first control PMOS transistor MPCON1 " The first through N-th load 
PMOS transistors MPR1 through MPRN are serially connected to the first control PMOS 
transistor MPCON1. 

The first control NMOS transistor MNCON1 is connected between the N-th load 
PMOS transistor MPRN and a second ground voltage VSS, and generates the first 
control voltage CON1 via its drain. The source and gate of the first control NMOS 
transistor MNCON1 are connected to each other. 

If the difference between the levels of the first and second power supply voltages 
VDDQ and VDD is equal to or greater than a predetermined voltage level, the first 
voltage compensation unit 540 compensates for the voltage level of the first inverted 
data signal /DATA1 to generate a first driving signal DRV1 . 

The first voltage compensation unit 540 includes first and second compensation 
PMOS transistors MPC1 and MPC2. The source of the first compensation PMOS 

23 



Attorney Docket No.: SAM-0424 

transistor MPC1 is connected to the second power supply voltage VDD. The first 
power supply voltage VDDQ is applied to the gate of the first compensation PMOS 
transistor MPC1. 

The source of the second compensation PMOS transistor MPC2 is connected to 
the drain of the first compensation PMOS transistor MPC1 . The first data signal 
DATA1 is applied to the gate of the second compensation PMOS transistor MPC2. 
The drain of the second compensation PMOS transistor MPC2 is connected to a 
connection node between the second inversion PMOS transistor MPA2 and the first 
inversion NMOS transistor MNA1. 

If the first and second power supply voltages VDDQ and VDD are different by at 

r , 

least a threshold voltage level of the first compensation PMOS transistor MPC1, the first 
voltage compensation unit 540 compensates for the voltage level of the first inverted 
data signal /DATA! 

A buffer logic unit 510 for buffering a data signal DATA and an inverted data 
signal /DATA in response to a clock signal CLK and then outputting first and second 
data signals DATA1 and DATA2 is shown in FIG. 5. 

If the level of a first power supply voltage VDDQ is equal to that of a second 
power supply voltage VDD, the second inversion unit 550 receives a second data signal 
DATA2 with an operating voltage level and inverts the received signal DATA2 to 
generate a second inverted data signal /DATA2. 

The second inversion unit 550 includes third and fourth PMOS transistors MPA3 
and MPA4, a second inversion NMOS transistor MNA2, and a second control voltage 

4 

I 

generation unit 565. 

The source of the third inversion PMOS transistor MPA3 is connected to the first 
power supply voltage VDDQ, and a second control voltage CON2 is applied to the gate 
of the third inversion PMOS transistor MPA3. The source of the fourth inversion 
PMOS transistor MPA4 is connected to the drain of the third inversion PMOS transistor 
MPA3, and a second data signal DATA2 is applied to the gate of the fourth inversion 
PMOS transistor MPA4. The drain of the fourth inversion PMOS transistor MPA4 
generates a second inverted data signal /DATA2. 
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\ 

r 

The drain of the second inversion NMOS transistor MNA2 is connected to the 
drain of the fourth inversion PMOS transistor MPA4, and the second data signal DATA2 
is applied to the gate of the second inversion NMOS transistor MNA2. The source of 
the second inversion NMOS transistor MNA2 is connected to a first ground voltage 
VSSQ/ 

If the levels of the first and second power supply voltages VDDQ and VDD are 
the same, the second control voltage generation unit 565 generates a first control 
voltage CON1 with a first logic level. If the level of the second power supply voltage 
VDD is a predetermined level smaller than that of the first power supply voltage VDDQ, 
the second control voltage generation unit 565 generates a second control voltage 
CON2 with a second logic level. 

To be more specific, the second control voltage generation unit 565 includes a 
second control PMOS transistor MPCON2, (N+1 jth through M-th load PMOS transistors 
MPRN+1 through MPRM, and a second control NMOS transistor MNCON2. 

The source of the second control PMOS transistor MPCON2 is connected to a 
second power supply voltage VDD, and a first power supply voltage VDDQ is applied to 
the gate of the second control PMOS transistor MPCON2. The (N+1)th through M-th 
load PMOS transistors MPRN+1 through MPRM are serially connected to the second 
control PMOS transistor MPCON2. 

The second control NMOS transistor MNCON2 is connected between the M-th 
load PMOS transistor MPRM and a second ground voltage VSS and generates the 
second control voltage CON2 via its drain. The source and gate of the second control 
NMOS transistor MNCON2 are connected to each other. 

If the difference between the levels of the first and second power supply voltages 
VDDQ and VDD is equal to or greater than a predetermined voltage level, the second 
voltage compensation unit 560 compensates for the voltage level of the second inverted 
data signal 7DATA2 to generate a second driving signal DRV2. 

To be more specific, the second voltage compensation unit 560 includes third 
and fourth compensation PMOS transistors MPC3 and MPC4. the source of the third 
compensation PMOS transistor MPC3 is connected to the second power supply voltage 
VDD. The first power supply voltage VDDQ is applied to the gate of the third 
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compensation PMOS transistor MPC3. The source of the fourth compensation PMOS 
transistor MPC4 is connected to the drain of the third compensation PMOS transistor 
MPC3. The second data signal DATA2 is applied to the gate of the fourth 
compensation PMOS transistor MPC4. The drain of the fourth compensation PMOS . 
transistor MPC4 is connected to a connection node between the fourth inversion PMOS 
transistor MPA4 and the second inversion NMOS transistor MNA2. 

If the first and second power supply voltages VDDQ and VDD are different by at 
least a threshold voltage level of the third compensation PMOS transistor MPC3, the 
second voltage compensation unit 560 compensates for the voltage level ofthe second 
inverted data signal /DAT A2;' 

The driver unit 570 receives the first and second driving signals DRV1 and DRV2 

t * 

and outputs an output data signal DATAOUT with a logic level that is opposite to the 
logic levels of the first and second driving signals DRV1 and DRV2. 

Since the operation of the buffer logic unit 510 is the same as the 
above-described operation of the buffer logic unit 310 of FIG. 3, it will not be described. 

The data output circuit 500 of FIG. 5 according to the second embodiment of the 
present invention is different from the data output circuit 300 according to the first 
embodiment of the present invention in that the structure and operation of the first and 
second inversion units 530 and 550 are different from those of the counterparts of the 
data output circuit 300 of FIG. 3. Hence, the first and second inversion units 530 and 
550 will be focused on in describing the data output circuit 500 of FIG. 5. 

If the levels of the first and second power supply voltages VDDQ and VDD are 
the same, or if the different between the levels of the first and second power supply 
voltages VDDQ and VDD is equal to or greater than the threshold voltage level of the 
first control PMOS transistor MPCON1, the first control PMOS transistor MPCON1 is 
turned off. 

Then, the first control NMOS transistor MNCON1 turned on constantly maintains 
the level of the first control voltage CON1 at a first logic level, that is, a low logic level. 

The first control voltage CON1 with a low level turns on the first inversion PMOS 
transistor MPA1 . If the first data signal DATA1 is at a low level, the second inversion 
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PMOS transistor MPA2 is also turned on, thus the first inversion unit 530 generates a 

*■ . ■ • . 

first inversion data signal /DATA1 with the level of the first power supply voltage VDDQ. 

Since the level of the first power supply voltage VDDQ is equal to the operating 
voltage level of the second power supply voltage VDD or different by at most the 
5 threshold voltage level of the first control PMOS transistor MPCON1 , the slope of the 
first driving signal DRV1 is not gentle, and the output data signal DATAOUT is not 
skewed. J 

Since the level of the first power supply voltage VDDQ is equal to the operating 
voltage level of the second power supply voltage VDD or different by at most the 
10 threshold voltage level of the first control PMOS transistor MPCON1 , the first 

compensation PMOS transistor MPC1 is turned off, and the first voltage compensation 
unit 540 does not operate. 

If the level of the first power supply voltage VDDQ is less than that of the second 
power supply voltage VDD by at most the threshold voltage level of the first control 
15 , PMOS transistor MPCON1 , the first control PMOS transistor MPCON1 is turned on, and 
the first control voltage CON1 is generated at a second logic level, that is, a high level. 

The voltage level of the first control voltage CON1 can be controlled by the first 
through N-th load PMOS transistors MPR1 through MPRN. If the first control voltage 
CON1 is generated having a high level, the first inversion PMOS transistor MPA1 is 
20 turned off. 

However, the first compensation PMOS transistor MPC1 of the first voltage 
compensation unit 540 is turned on. If the first data signal DATA1 has a low level, the 
second compensation PMOS transistor MPC2 is also turned on, thus the level of the 
first inversion data signal /DATA 1 becomes equal to that of the second power supply 
25 voltage VDD. 

Hence, the slope of the first driving signal DRV1 is not slow, and the output data 
signal DATAOUT is not skewed. 

The first control voltage CON1 operates in connection with the operation of the 
first compensation PMOS transistor MPC1 of the first voltage compensation unit 540. 

30 That is, the first inversion PMOS transistor MPA1 is turned off for a duration as long as 

> 

the first compensation PMOS transistor MPC1 is turned on. The first inversion PMOS 
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transistor MPA1 is turned off for a duration as long as the first compensation PMOS 
transistor MPC1 is turned off. 

Since the circuit structures and operations of the second inversion unit 550 and 
the second voltage compensation unit 560 are the same as those of the first inversion 
unit 530 and the first voltage compensation unit 540, respectively, they will not be 

i 

described in detail. 

FIG. 7 is a circuit diagram of a data output circuit according to a third 
embodiment of the present invention. FIGS. 8A and 8B are circuit diagrams of the first 
and second control units of FIG. 7. 

Referring to FIGS. 7, 8A, and 8B, a data output circuit 700 according to a third 
embodiment of the present invention includes a first inversion unit 730, a first voltage 
compensation unit 740, a first control unit 745, a second inversion unit 750, a second 
voltage compensation unit 760, a second control unit 765, and a driver unit 770. 

If an output voltage level of a first power supply voltage VDDQ is equal to an 
operating voltage level of a second power supply voltage VDD, the first inversion unit 
730 receives a first data signal DATA1 with an operating voltage level and inverts the 
received signal to generate a first inverted data signal /DATA1 . 

To be more specific, the first inversion unit 730 includes first and second PMOS 
transistors MPA1 and MPA2 and a first inversion NMOS transistor MNA1 . 

The source of the first inversion PMOS transistor MPA1 is connected to the first 

■ i 

power supply voltage VDDQ, and a first control signal COKlS2 is applied to the gate of 
the first inversion PMOS transistor MPA1 . The source of the second inversion PMOS 
transistor MPA2 is connected to the drain of the first inversion PMOS transistor MPA1 , 
and a first data signal DATA1 is applied to the gate of the second inversion PMOS 
transistor MPA2. The drain of the second inversion PMOS transistor MPA2 generates 
a first inverted data signal /DATA1 . ' J 

The drain of the first inversion NMOS transistor MNA1 is connected to the drain 
of the second inversion PMOS transistor MPA2, and the first data signal DATA1 is 
applied to the gate of the first inversion NMOS transistor MNA1 . The source of the first 
inversion NMOS transistor MNA1 is connected to a first ground voltage VSSQ. 
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If the levels of the first and second power supply voltages VDDQ and VDD are 
different by at least a predetermined voltage level, the first control voltage compensation 
unit 740 compensates for the voltage level of the first inverted data signal /DATA1 to 
generate a first driving signal DRV1 . 
5 The first voltage compensation unit 740 includes first and second compensation 

PMOS transistors MPC1 and MPC2. The source of the first compensation PMOS 
transistor MPC1 is connected to the second power supply voltage VDD. The first 
control signal CONS1 is applied to the gate of the first compensation PMOS transistor 
MPC1 . The source of the second compensation PMOS transistor MPC2 is connected 

10 to the drain of the first compensation PMOS transistor MPC1 . The first data signal 
DATA1 js applied to the gate of the second compensation PMOS transistor MPC2. 
The drain of the second compensation PMOS transistor MPC2 is connected to a 
connection node between the second inversion PMOS transistor MPA2 and the first 
inversion NMOS transistor MNA1 . 

15 The first control unit 745 generates a first control signal CONS 1 that controls the 

operation of the first voltage compensation unit 740, if the levels of the first and second 
power supply voltages VDDQ and VDD are the same. On the other hand, if the 
difference between the levels of the first and second power supply voltage VDDQ and 
VDDIs equal to or greater than a predetermined voltage level, the first control unit 745 

20 generates the second control voltage CONS2 that controls the operation of the first 
inversion unit 730. 

The first control unit 745 includes a first control PMOS transistor MPCON1 , a first 
control NMOS transistor MNCON1 , and first and second inverters II and 12. 

The source of the first control PMOS transistor MPCON1 is connected to a 
25 second power supply voltage VDD, and a first power supply voltage VDDQ is applied to 
the gate of the first control PMOS transistor MPCON1 . The drain of the first control 
NMOS transistor MNCON1 is connected to the drain of the first control PMOS transistor 
* MPCON1 , and the source and gate thereof are connected to a second ground voltage 
VSS. ' 

r 

r 

30 The first inverter 11 is connected between a connection node N1 between the first 

control PMOS transistor MPCON1 and the first control NMOS transistor MNCON1 and 
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generates the first control signal CONS1 . The second inverter 12 is connected to the 
first inverter 11 and generates the second control signal CONS2. 

If the levels of the first and second power supply voltages VDDQ and VDD are 
the same, the second inversion unit 750 receives a second data signal DATA2 with an 
5 operating voltage level and inverts the received signal DATA2 to generate a second 
inverted data signal /DAT A2. : 

' • : - ' l 

The second inversion unit 750 includes third and fourth PMOS transistors MPA3 
and MPA4 and a second inversion NMOS transistor MNA2. 

* » ■'•«"■ ■ ■ 

The source of the third inversion PMOS transistor MPA3 is connected to the first 
10 power supply voltage VDDQ, and a fourth control signal CONS4 is applied to the gate of 

the third inversion PMOS transistor MPA3. The source of the fourth inversion PMOS 

■*'.-«■ . . ■ ■ 

transistor MPA4 is connected to the drain of the third inversion PMOS transistor MPA3, 
and a second data signal DATA2 is applied to the gate of the fourth inversion PMOS 

> > ■ ■ ■ • 

transistor MPA4. The drain of the fourth inversion PMOS transistor MPA4 generates a 

* ■ 

15 second inverted data signal /DAT A2. 

The drain of the second inversion NMOS transistor MNA2 is connected to the 
drain of the fourth inversion PMOS transistor MPA4, and the second data signal DATA2 
is applied to the gate of the second inversion NMOS transistor MNA2. The source of 
the second inversion NMOS transistor MNA2 is connected to a first ground voltage 

20 VSSQ. 

If the levels of the first and second power supply voltages VDDQ and VDD are 
different by at least a predetermined voltage level, the second voltage compensation 
unit 760 compensates for the voltage level of the second inverted data signal /DATA2 to 
generate a second driving signal DRV2. 
25 To be more specific, the second voltage compensation unit 760 includes third 

and fourth compensation PMOS transistors MPC3 and MPC4. The source of the third 

compensation PMOS transistor MPC3 is connected to the second power supply voltage 

> ■ * 

VDD. A third control signal CONS3 is applfed to the gate of the third compensation 
PMOS transistor MPC3. The source of the fourth compensation PMOS transistor 
30 MPC4 is connected to the drain of the third compensation PMOS transistor MPC3. 

The second data signal DATA2 is applied to the gate of the fourth compensation PMOS 

30 
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- * 

transistor MPC4. The drain of the fourth compensation PMOS transistor MPC4 is 
connected to a connection node between the fourth inversion PMOS transistor MPA4 
and the second inversion NMOS transistor MNA2. 

The second control unit 765 generates a third control signal CONS3 that controls 
5 the operation of the second voltage compensation unit 760, if the levels of the first and 
second power supply voltages VDDQ and VDD are the same. On the other hand, if 
the difference between the levels of the first and second power supply voltage VDDQ 
and VDD is equal to or greater than a predetermined voltage level, the second control 
unit 765 generates the fourth control voltage CONS4 that controls the operation of the 
10 second inversion unit 750. 

The second control unit 765 includes a second control PMOS transistor 
MPCON2, a second control NMOS transistor MNCON2, and third and fourth inverters 13 
and 14. 

* ■ 1 

The source of the second control PMOS transistor MPCON2 is connected to a 
15 second power supply voltage VDD, and a first power supply voltage VDDQ is applied to 
the gate of the first control PMOS transistor MPCON1 . The drain of the second control 
NMOS transistor MNCON2 is connected to the drain of the second control PMOS 
transistor MPCON2, and the source and gate thereof are connected to a second ground 
voltage VSS. 

* * 

20 The third inverter 13 is connected between a connection node N2 between the 

second control PMOS transistor MPCON2 and the second control NMOS transistor 
MNCON2 and generates the third control signal CONS3. The fourth inverter 14 is 
connected to the third inverter 13 and generates the fourth control signal CONS4. 

The driver unit 770 receives the first and second driving signals DRV1 and DRV2 
25 and outputs an output data signal DATAOUT with a logic level that is opposite to the 
logic levels of the first and second driving signals DRV1 and DRV2. " - 

The data output circuit 700 of FIG. 7 according to the third embodiment of the 

» » 

, present invention includes the first control unit 745 that generates the first and second 
control signals CONS1 and CONS2 for controlling the first inversion unit 730 and the 
30 first voltage compensation unit 740, respectively, and the second control unit 765 that 

T 
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generates the third and fourth control signals CONS3 and CONS4 for controlling the 
second inversion unit 750 and the second voltage compensation unit 760, respectively. 
The first and second control signals CONS1 and CONS2 have opposite phases. 

. If the levels of the first and second power supply voltages VDDQ and VDD are the same, 
5 the second control signal CONS2 is generated having a low level, and the first control 

v 

signal CONS1 is generated having a high level. 
' If the levels of the first and second power supply voltages VDDQ and VDD are 

different, that is, if the level of the first power supply voltage VDDQ is less than that of 
the second power supply voltage VDD by at least the threshold voltage level of the first 
10 control PMOS transistor MPCON1 , the second control signal GONS2 is generated 

* 

having a high, level, and the first control signal CONS1 is generated having a low level. 

If the first and second control signals CONS1 and CONS2 are generated having 
a high level and a low level, respectively, because, the first and second power supply 
" voltages VDDQ and VDD are the same, the first inversion PMOS transistor MPA1 of the 
15 first inversion unit 730 is turned on, and the first compensation PMOS transistor MPC1 
of the first voltage compensation unit 740 is turned off. Hence, the first voltage 
compensation unit 740 does not operate. 

If the first data signal DATA1 is in a low level, the second inversion PMOS 
transistor MPA2 is turned on, and then the first inversion data signal /DATA 1 is 
20 activated to the level of the first power supply voltage VDDQ. Since the level of the 
first power supply voltage VDDQ is equal to the level of the second power supply 
■ ' voltage VDD, the slope of the first driving signal DRV1 is prevented from being slow, 
and the output data signal DATAOUT is not skewed. 

When the first and second control signals CONS1 and CONS2 are generated 

25 having a low level and a high level, respectively, because the level of the first power 
supply,.voltage VDDQ is less than that of the second power supply voltage VDD by at 
least the threshold voltage level of the first control PMOS transistor MPCON1 , the first 
inversion PMOS transistor MPA1 of the first inversion unit 730 is turned off, and the first 
compensation PMOS transistor MPC1 of the first voltage compensation unit 740 is 

30 turned on. Hence, the first inversion unit 730 does not operate. 
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If the first data signal DATA1 is in a low level, the second compensation PMOS 
transistor MPC2 is turned on, and then the first inversion data signal /DATA1 is 
activated to the level of the second power supply voltage VDD. The first driving signal 
DRV1 is also activated to the level of the second power supply voltage VDD. 
Therefore, the slope of the first driving signal DRV1 is prevented from being slow, and 
the output data signal DATAOUT is not skewed. 

If the level of the first power supply voltage VDDQ is less than that of the second 

i • ' 

power supply voltage VDD by at least the threshold voltage level of the first control 
PMOS transistor MPCON1, the first control PMOS transistor MPCON1 of the first 
control unit 745 of FIG. 8 is turned on, and the connection node N1 has the level of the 
second power supply voltage VDD. Also, the first and second control signals CONS1 
and CONS2 have a low level and a high level, respectively. 

If the levels of the first and second power supply voltages VDDQ and VDD are 
the same, the first control PMOS transistor MPGON1 is turned off, and the connection 
node N1 enters into a floating state. 

However, the voltage level of the connection node N1 is decreased by the first 
control NM OS transistor MNCON1 and finally becomes the threshold voltage level of 
the first control NMOS transistor MNCON1. The first and second control signals 
CONS1 and CONS2 have a high level and a low level respectively. 

Since the circuit structures and operations of the second inversion unit 750, the 
second voltage compensation unit 760, and the second control unit 765 are the same 
as those of the second inversion unit 750, the second voltage compensation unit 760, 
and the second control unit 765, they will not be described in detail, r 

The data output circuit 700 according to the third embodiment of FIG. 7 can 
select a power supply voltage for compensating for the voltage level of the first inversion 
data signal /DATA1 , using the first and second control signals CONS1 and CONS2, if 
the levels of the first and second power supply voltages VDDQ and VDD are the same 

or different by less than a predetermined voltage level. 

•» * 

The data output circuit 700 can also select a power supply voltage for 

t 

compensating for the voltage level of the second inversion data signal /DATA2, using 
the third and fourth control signals CONS3 and CONS4, if the levels of the first and 



Attorney Docket No.: SAM-0424 

second power supply voltages VDDQ and VDD are different by at least a predetermined 
voltage level. 

Hence, a skewing error generated in the output data signal DATAOUT can be 
minimized regardless of a change in the voltage level of the first power supply voltage 
5 VDDQ. 

As described above, a data output circuit according to the present invention 
automatically recognizes a change in the voltage level of a power supply voltage that is 
different from an operating voltage level, thereby minimizing skewing error generated in 
an output data signal. 

- 10 While the present invention has been particularly shown and described with 

reference to exemplary embodiments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the present invention as defined by the following 
claims. 

-. ■ 
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